Introduction
Accuracy of economic indicators is of paramount importance to macroeconomic empirical research. However, many macro indicators in Mainland China (China, hereafter) are controversial because the National Bureau of Statistics (NBS, hereafter) usually releases them without providing the methods and procedures for obtaining them. The consumer price index (CPI, hereafter) is such an example. In recent years, it has just moderately increased despite dramatically increasing house prices. This has led to a lot of concerns and controversies. After He (2010) successfully replicated the NBS calculation of CPI and thus provided support to the NBS statistics, most concerns now focus on the weights of the CPI categories, in particular the weight of housing expenditure. In fact, the NBS has been aware of the underestimation of the weight of housing expenditure and announced a decision to adjust the weights of the CPI categories after 2011, with a focus on enhancing the weight of housing expenditure.
Research has shown that the weight of housing expenditure in the NBS-released CPI is lower than it should be. Specifically, Wang (2008) , He (2010) and Xu (2010) estimated it to be 13.6%, 10% -16% and 16%, respectively, all much lower than 42% in the United States (Wang, 2008) and the mean weight, 20.26%, in OECD countries. Xu (2010) further pinpointed the cause of the underestimation to be the NBS method for calculating the owner-occupied housing expenditure. With most Chinese households having their own housing, the weight of owner-occupied housing in CPI should be larger in China than in the US. This, however, is not the case.
There are several widely-accepted approaches to treating owner-occupied housing; however, the NBS adopts none of them (Wang, 2006) . In this paper, we use two of these approaches to re-estimate the weights of the CPI categories and recalculate the CPI in urban China.
Approaches to Treating Owner-Occupied Housing
The International Labor Office endorsed four major approaches to handling owner-occupied housing. They are: the acquisitions approach, the rental equivalent approach, the user cost approach, and the payments approach. In addition, Beatty, Larsen, and Sommervoll (2010) proposed an improved rental equivalent approach, termed "consumption cost approach". Among the five approaches, we adopt the user cost approach and the consumption cost approach, because of certain shortcomings of the other approaches. As Beatty et al. (2010) critiqued, the acquisitions approach ignores the role played by interest rates and the payments approach (based on observed interest payments by households with a mortgage) ignores the role played by households with equity. Meanwhile, the rental equivalent approach would not apply well in China, because the rental market in China (as in many other countries) is not developed during the research period and the rental imputation would have to be based on an unreliable out-of-sample extrapolation. Therefore, we adopt only the user cost approach and the consumption cost approach.
User Cost Approach
The user cost approach is based on the pricing theory (Katz, 2009) . The house purchase price equals the discounted present value of its expected future services less the discounted present value of its expected future operating costs.
where m denotes the remaining service life of a house, the purchase price of a v periods old house at the beginning of period t, the expected value of the period t services of this house, the expected period t operating expenses (including maintenance cost and depreciation, to be paid at the end of period t) for this v periods old house in period t, and the
This, however, confuses consumption prices with investment returns because of the price difference between two periods. Sometimes, the user cost may even be negative when house prices rise rapidly. When this happens, the overall CPI could decline even when every price is increasing in an economy. Therefore, as some suggest (e.g., Poole et al., 2005; Beatty et al., 2010; Diewert et al., 2009 ), we adopt this approach without the appreciation of housing prices component. Furthermore, for China we can set the maintenance cost to zero. Correspondingly Equation (2) is now simplified to:
where denotes depreciation in period t. 
Consumption Cost Approach
An empirical calculation of the consumption cost can be implemented with
where  is the holding period, i the interest rate, A the house price,  the tax deductibility rate, Tc the transaction costs and government fees (rate), and m the maintenance cost (rate). For China, we can set the transaction cost, maintenance cost, and taxes deduct to zero.
With both approaches, we use 3-year moving average interest rates, instead of annual interest rates. That is, we use smoothed interest rates for in the user cost approach and i in the consumption cost approach. The adjustment prevents CPI estimations from being affected by monetary policies and allows it to remain objective. 
Empirical Analysis Data
The data used in this paper are from the following sources: Dwelling area per capita data, urban households' consumption categories and their respective price indices, and sales price of commercial housing are collected from the Chinese Statistical Yearbook 1998-2010. The loan and deposit interest rates are from the CEIC database and the website of the People's Bank of China, respectively. The depreciation rate is from our own estimation.
Analysis
The analysis is composed of three parts. First, we calculate owner-occupied housing expenditure, with the user cost approach and the consumption cost approach, respectively. Next, we substitute the estimated housing expenditure into the consumption categories of urban residents to calculate the weight of each category. Finally, we use the weights thus obtained to re-estimate the CPI in urban China.
With the user cost approach, we use a depreciation rate of 1.9% (50 years service life and residual value 5%). In addition, with both approaches, we try both loan and deposit interest rates since it is not clear which Beatty et al. (2010) use.
Results

Housing Expenditure
As we can see from Table 1 , NBS tends to underestimate owner-occupied housing expenditure. No matter which approach we use and whether we use loan interest rates (column a) or deposit interest rates (column b), our estimations are much larger than the NBS statistics (last column).
Weights
The weight of housing expenditure, obtained by substituting the results in Table 1 into the urban households' consumption categories, is in the range of 20% to 50% ( Table 2 ). This is considerably larger than the NBS weight of housing expenditure, estimated by Wang (2008) , He (2010) and Xu (2010) . It is noteworthy that we cannot directly use the weights of the urban households' consumption categories to calculate CPI, because the urban households' consumption categories do not have an exact one-to-one correspondence relationship to the CPI categories. Specifically, there is no corresponding CPI category for a "miscellaneous" term in the consumption expenditure. We obtain the weights of the CPI categories by dividing this miscellaneous term into two equal parts and adding them to "Tobacco, Liquor and Related Products" and "Medical Health Care and Personal Articles", respectively (He, 2010) .
CPI
Our CPI estimations prove to be not considerably different from the NBS statistics and are actually smaller than the latter in many cases ( Table 3) . This is true whether we use the user cost approach or the consumption cost approach and whether we use the loan interest rate (column a) or the deposit interest rate (column b). Averaged across the years, our estimations are smaller than the NBS statistics.
Discussion
In this paper, we re-estimate the CPI in urban China by addressing owner-occupied housing expenditure with two widelyaccepted approaches instead of the NBS approach. Even though we enhance the weight of housing expenditure in this way, our estimations are close to the NBS statistics and actually smaller than the latter when averaged across the years. One possible explanation for our findings is that, while we enhance the weight of housing in CPI, food prices have increased even more rapidly than housing prices in the past decade. Our findings suggest that the NBS has not underreported CPI and the statistics can be used to guide monetary policies, especially those depending on the CPI trend over years. However, this does not mean that the NBS method of calculating CPI is scientific, since it has no strong theoretical basis. The NBSreleased CPI could be less dependable for studies requiring higher accuracy of the CPI, such as those trying to decompose CPI variance.
